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0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 28 February 1973, after the draft finalized by the Methods of Physical 
Tests Sectional Committee had been approved by the Structural and Metals 
Division Council. 

0.2 This standard has been prepared in order to establish a uniform proce- 
dure for knoop hardness testing of metals. 

0.3 Knoop hardness testing refers to hardness testing with micro- 
indentation obtained at small loads. 

0.3.1 Microhardness testing is used increasingly in the identification of 
different types of structural constituents of metals and alloys where the 
maximum dimensions of constituents is only a few microns, and for quality 
assessment of very small work-pieces or very thin pieces. 

0.3.2 Knoop hardness testing has the following advantages: 

a) Measurement of hardness of very thin coatings or layers, 
particularly sections at right angles ( depth of indentation being 
1/30 of the length of the diagonal). 

b) Also useful for evaluating hard and brittle substances, such as 
glass, carbides and oxides and studying crystal orientation effects on 
hardness. 

0.4 In the preparation of this standard, assistance has been taken from 
ASTM E 384-1969 ' Standard method of test for microhardness of materials ' 
issued by the American Society for Testing and Materials. 

0.5 In reporting the result of a test or analysis made in accordance with 
this standard, if the final value, observed or calculated, is to be rounded off, 
it shall be done in accordance with IS: 2-1960*. 



1. SCOPE 

1.1 This standard prescribes the methods for knoop hardness testing of 
metals under test loads in the range of 1 gf to 1 000 gf. 

* Rules for rounding off numerical values ( revised ) • 

3 
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2. PRINCIPLE OF TEST 

2.1 The test consists in forcing a diamond indenter in the form of a rhomboid- 
based pyramid and specified angles between opposite faces at the vertex 
{ see Fig, 1 ) , into the metal under a load F and measuring the diagonal d of 
the indentation left in the surface of the test piece after removal of the load. 




Fig. 1 Knoop Indenter 

2.2 The knoop hardness value is the quotient obtained by dividing the test 
load F ( expressed in kilograms-force ) by the sloping area of the indentation 
( in mm 2 ). 

3. REFERENCE SYMBOLS 

3.1 The following reference symbols have been used in this standard: 

Reference Symbols Description 

F Applied load 

d . Length of longer diagonal of 

the indentation 
HK Knoop hardness 
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3.2 

TTjs- _ Applied load in kgf 

Area of indentation in mm 2 



i cot i ( 172°30' ) tan £ ( 130° ) d* 
F 



0-0/0 28 d* 

3.2.1 Since the units normally used are gram-force and micrometres rather 
than kilogram-force and millimetres, the equation for inoop hardness 
number can be expressed conveniently as: 

HK = 14 229 ~ 
d* 

where 

F = load in gf, and 

d = length of longer diagonal in micrometres ( fi.m ) . 

3.2.2 The knoop hardness numbers are given in Table 1 for a test load 
of 1 gf. For obtaining hardness numbers when other test loads are used, 
the knoop hardness number, obtained from Table 1 , is multiplied by the 
test load in gram-force. 

4. TESTING EQUIPMENT 

4.1 Testing Machine — Equipment for knoop hardness testing usually 
consists of a testing machine that supports the specimen and permits the 
indenter and specimen to be brought into contact gradually and smoothly 
under a predetermined load. The design of the machine should be such 
that no rocking or lateral movement of the indenter or specimen is permitted 
while the load is being applied or removed. A measuring microscope is 
usually mounted on the machine in such a manner that the indentation may 
be readily located in the field of view. 

4.1.1 The microhardness testing machine shall be located in an area as 
free from vibrations as possible in order to avoid erroneous results. It 
is necessary to mount the machine on thick rubber paddings or a plastic 
foam base for damping external vibrations. Where vibrations are encounter- 
ed, a vibration meter should be used to check if the vibrations are adequately 
damped. 

4.2 The testing machine should be regularly checked in accordance with 
c Method for verification of knoop hardness testing machines ' ( under 
preparation ), 



TABLE 1 KNOOP HARDNESS NUMBERS FOR LOAD OF 1 gf 

( Clause 3.2.2 ) 
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4.3 Indenter — The indenter shall be a diamond tipped straight rhomboid- 
based pyramid, with an angle at the vertex between two opposite edges of 
172° 30' ± 5' in the lengthwise direction and 130°0' in the breadth wise 
direction. For other geometric characteristics, see Fig. 1. 

4.3.1 The four faces of the indenter shall be equally inclined to the axis 
of the indenter ( within ± 30' ) and shalljneet at a sharp point. The line of 
junction between opposite faces ( offset) shall be not more than 1 [xm in 
length (see Fig. 2 ) for indentations greater than 15 fxm in length. For 
shorter indentations the offset should be proportionately less. The shape of 
perfect indentation in knoop hardness testing is a parallelogram with the 
larger diagram seven times the other. 




Ifim- -MAX- 
OFFSET 

Fig. 2 Knoop Indenter Offset 

4.3.2 The indenter faces shall be thoroughly smooth and free from cracks 
and other faults. The diamond shall be examined periodically. Irregularities 
around the indent may be an indication of poor indenter condition. If this 
is confirmed, the indenter shall be replaced. 

5. TEST PIECE 

5.1 Surface — The degree of surface preparation required for doing a test 
varies with the load applied and the hardness of the material to be tested. 
In general, surface finish shall be adequate to enable indent diagonals to be 
read accurately.' For this purpose, it is often necessary to polish the test 
specimen mechanically, electrolytically or chemically singly or in any com- 
bination of these methods. In any case, all precautions should be taken to 
prevent the most superficial layer being altered in any way, for example, as a 
result of heating or work-hardening. If the surface is too irregular and the 
necessary preparation cannot be carried out, the hardness test should be done 
on a section of the layer. For this purpose, it is advisable to prepare a 
metallographic sample of the section. Then carry out the microhardness 
test on the section after preparing the sample as for a normal microscopic 
examination. 

5.1 .1 Curvature of the Surface — Surface curvature introduces an error 
in determining microhardness which increases as the radius diminishes. On 
convex surfaces greater hardnesses and on concave surfaces lesser hardness 
than actual ones are obtained. 
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5.1.2 Surface Inclination — If the surface is inclined with respect to 
a surface perpendicular to the axis of the penetrator, the extremities of the 
impression rest on different surfaces and there is a consequent difficulty if 
focussing the microscope and this leads to reading errors. 

5.1.3 In addition to the factors already mentioned, measuring accuracy 
is influenced by the microscope's power of resolution. 

6. TEST PROCEDURE 

6.1 The test shall be carried out at the ambient temperature unless otherwise 
agreed to. 

6.2 The specimen should be supported in such a way that the load is 
applied perpendicularly to the test surface and there is no movement of the 
specimen during the test. 

6.3 It is essential to control the speed at which the load is applied to avoid 
penetrator impact against the test surface. Errors are greater with small 
loads and the test should be carried out with the speed reducing as the load 
is reduced. Some commercial instruments use constant load application 
speeds of the order of 15 to 70 fxm/s. Such speeds may be excessive for small 
loads. To determine which speed is correct one, do 3 tests at a given speed 
and measure the indentation. Repeat the 3 tests with the same load at lower 
application speeds and calculate the mean length of the diagonals. If the 
mean obtaind at the lower speed is less than that obtained with a greater 
application speed, the greater speed is excessive. Repeat the test at gradually 
decreasing speeds until reduction of the load application speed no longer 
affects the dimensions of the indentation obtained. The speed below which 
there are no variations in the result is the one to use with the chosen load. 

6.4 The load should normally be applied for between 10 and 15 seconds. 
Where it is necessary to do the test with different times, the actual time used 
should be reported in the result. 

6.5 The load applied should be such that the depth of indentation is less than 
one tenth of the thickness of coating or case depth. 

6.6 Jn cases where the surface is curved, knoop hardness values shall be 
corrected making the use of the appropriate factors, for example, determining 
the dimensions of an indentation obtained on a cylinder of equal radius and 
known hardness. 

6.7 Distance from the indentation to the edge of specimen should be greater 
than the extent of any stress deformation as a result of the indentation 
process. 

6.7.1 The distance between any two indentations should be greater than 
twice the extent of any stress deformation ( see Fig. 3 ) that may occur as a 
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result of the indentation process so that there shall be no overlap of the 
deformation between the two indentations. 
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Fig. 3 Photomicrograph Showing Knoop Indentations and 
Deformation in the Adjoining Areas 

6.8 The microscope, which should provide maximum magnification of 
between 500 and 1 500 diameters, or any other type of measuring instrument 
employed and should be graduated in 0'5 fjm or smaller divisions. 

6.9 For each test at least three readings for each load and time shall be 
determined and the mean knoop hardness value calculated. 



7. EXPRESSION OF RESULTS 

7.1 In expressing the results the knoop hardness symbol HK should be 
preceded by the found value and followed by an index indicating the load 
and a possible second index relative to the duration of load application, 
when this is not between the normal limits of 1 and 1 5 seconds. 



Example'. 



640 HK 30g/35 indicates knoop hardness of 640 measured 
under a load of 30 gf applied for 35 seconds. 
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